We study how trade liberalisation affects formal employment across gender. We propose a theoretical mechanism to explain how trade liberalisation generates labour reallocation in formal jobs differently for men and women. Linking the Mexican labour force survey with data on tariffs at the 4-digit level from 1993 to 2001, we find that tariff reductions increase the probability of holding a formal job for both men and women within industries. Constructing a regional tariff measure, we find that the impact of regional exposure to Mexico's trade liberalisation on formal employment differs across gender. At the regional level, trade liberalisation increases the probability of working formally only for highly educated women. Controlling for sectoral differences, we find that manufacturing sectors experience a formalisation of jobs for both men and female, and in particular for highly educated men. While in the service sectors, men and low-skilled women have higher probabilities to work informally.
Introduction
Trade integration episodes, by reallocating resources towards more productive sectors and firms, are expected to foster economic development. But the impact of international trade on labour markets is controversial, as it can also contribute to an increase in inequality (see Goldberg and Pavcnik (2007) and Hanson (2007) among others). Labour markets in developing countries are characterised by low female labour force participation and a dual system where formal and informal jobs coexist. Informal jobs tend to offer lower earning opportunities, worse working conditions and little social safety nets compared to formal jobs. Gender differences in labour force participation depend on culture and social norms, but those differences can also respond to economic incentives, in particular following reforms in trade policies. However, so far the potential impact of trade liberalisation on gender differences in formal employment has been overlooked. This is the focus of the present paper, which investigates the impact of Mexico's trade liberalisation on gender-specific formal employment.
In Mexico, the gender gap in employment to population ratio has been around 40 percentage points for decades. At the same time, informal employment is an important phenomenon since it affects more than 50 percent of all workers Jütting and De Laiglesia (2009) . Analysing jointly informal labour and its gender composition is necessary to improve our understanding of the impact of globalisation on the labour market, and it is motivated by several observations. Firstly, sectors have different female labour shares as well as different shares of formal jobs. As trade integration benefits some sectors at the expense of others, it is likely to change formal employment shares, and differently for men and women. Secondly, trade liberalisation is likely to generate a "formal-biased technological change" since it favors most productive firms, which, because of their size and technology, are more intensive in formal labour. Finally, there is evidence in support of a stronger complementarity between capital and female labour than between capital and male labour.
1 Gender differences in substitution with capital also affects the pattern of labour allocations across sectors following macroeconomic changes such as trade. Our analysis is developed in three steps. First, we present some facts on employment patterns in Mexico over the period 1993 and 2001. Considering both manufacturing and service industries, we observe that: (i) employment and formal employment shares have declined in service sectors while they increased in manufacturing;
(ii) formal labour shares are greater for women than men both in manufacturing and in service sectors; and (iii) the female intensity in formal jobs has increased only in the manufacturing sectors.
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In the second step, we develop a general equilibrium model where trade liberalisation affects the formal labour share of employment. We follow Blum (2008) and Kovak (2013) and use a multi-sector Ricardo-Viner model with labour reallocation across tradable and non-tradable sectors in a set up with regional economies. We extend this framework to allow for formal and informal jobs and introduce sectoral heterogeneity in formal job intensity. We derive the conditions under which the formalisation of jobs at the regional level differs across men and women. More specifically, we find that trade liberalisation increases by a larger amount the demand for male relative to female labour in formal jobs if comparative advantage sectors are relatively more intensive in formal jobs, and if male labour is relatively more substitutable for capital than female labour.
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Finally, we analyse empirically how the probability to hold a formal job has evolved differently for men and women as a result of the Mexican trade liberalisation. Mexico represents an interesting case study for at least three reasons. First, among NAFTA members, Mexico was the country with the highest tariffs and experienced the largest cut during the NAFTA phase in. Over the period 1993-2001, Mexican import tariffs on U.S. products declined on average by 14 percent. Second, Mexico has a large informal sector which increased in the 1990s. Finally, female labour force participation is extremely low in Mexico, it was below 40 percent in the early 1990s and remained below 50 percent in the early 2000s.
We use individual data from the Mexican labour force survey which is the Encuesta Nacional de Empleo Urbano (ENEU). This survey enables us to identify whether working individuals belong to the formal or informal segment of the labour market. To characterise the informal segment, we first focus on wage employment and define informal employees as those who do not have access to health insurance and social security coverage that are mandated benefits of legal labour contracts. A broader definition of informality, used in a robustness check, also includes self-employed individuals. Additionally, the ENEU provides information on individual industry affiliation at the 4-digit level, and location at the municipality level. This enables us to match precisely individuals to tariff changes at the sectoral level and also to construct a measure of local exposure to trade liberalisation at the municipality level. This local approach allows us to disentangle the effects of trade liberalisation across tradable and non-tradable sectors. The non-tradable industry it is indirectly affected by the change in tariffs, through labour reallocation across sectors.
We choose a linear probability model to examine the effect of trade on the probability to hold a formal job at different level of aggregation: industry and municipality level. At the 4-digit industry level, our findings show that individuals working in an industry experiencing the average reduction in tariffs, 14 percentage points, saw the probability of holding a formal job increase by 2 percentage points relative to individuals in industry facing no reduction in tariffs. The effect of trade liberalisation on the overall labour market, allowing for labour reallocation between industries, is captured by constructing a local measure of exposure to tariffs at the municipality level, where the sectoral tariffs are weighted by sectoral employment shares in each municipality. Exploiting the regional variation in tariffs, we find that women living in a municipality experiencing the average reduction in tariffs, 14 percentage points, saw their probability of holding a formal job decrease by almost 6 percentage points, relative to women in municipalities facing no reduction in tariffs. On average, men's probability to find a formal job was not significantly affected at the local level. We then explore whether the impact of regional tariff reductions on formality differs in tradable versus non-tradable sectors. We find that, in the manufacturing sectors, both women and men benefited from trade liberalisation. While in the service sector, the probability of working informally increased for women especially for those with a low educational attainment. Finally, our results highlight that the formalisation of jobs at the local level was mostly driven by high-skilled workers.
The paper is structured as follows. Section 2 describes the novel contributions of this paper with respect to the existing literature. Section 3 provides a description of the data, and an industry decomposition of changes in the formal employment share. Section 4 proposes a theoretical framework and derives predictions to be tested. Section 5 describes the empirical strategy. The estimation results and robustness checks are discussed in sections 6 and 7. Finally, section 8 concludes.
Related Literature
This paper is related to several strands of literature. Firstly, our paper relates to studies on informality in the labour market. Maloney (1999) analyses the labour market in Mexico and argues that both formal and informal jobs offer desirable characteristics that worker may choose depending on their situation. Gong and Van Soest (2002) and Galli and Kucera (2008) document how informality varies across gender in Latin American countries. A very small group of studies on informality considers the effect of international trade. Goldberg and Pavcnik (2003) study how the informal sector adjust to liberalisation in Brazil and Columbia. Only for Columbia, they find that trade contributes to an increase in informal employment in those sectors where the tariff cuts were the largest. McCaig and Pavcnik (2015) find different results for Vietnam. Exploiting sector-specific changes in tariffs, they show that in industries experiencing larger declines in tariffs, labour is reallocated from small household businesses towards employment in the formal enterprise sector. We contribute to this literature by investigating whether changes in informality rates induced by trade liberalisation differ by gender.
Secondly, our work also relates to the labour market literature analysing the relationship between regional trade exposure and labour market outcomes. Chiquiar (2008) studies the effect of trade liberalisation on wages across Mexican regions. Topalova (2010) evaluates the effect of trade liberalisation on regional poverty using variation in sectoral composition across Indian districts. Kovak (2013) uses a specific-factors model of regional economies to empirically study the relationship between regional wage changes and liberalisation. Autor et al. (2013) study the effect of rising imports from China on employment outcomes in U.S. local labour markets. Our paper creates a link between informality and liberalisation to investigate local exposure to changes in trade openness on gender sorting across employment (formal and informal) and sectors.
Finally, our approach closely relates to a growing number of papers that emphasizes the gender-specific effects of international trade. This literature investigates how trade liberalisation affects gender gaps in labour force participation and in wages looking at different channels. Trade liberalisation can contribute to a reduction in the gender gap due to taste-based discrimination through a competition effect (see Black and Brainerd (2004) and Ben Yahmed (2012) among others). Other papers stress the importance of male and female differences in productive characteristics and how their returns evolve with trade integration (see Juhn et al. (2014) and Sauré and Zoabi (2014) ). This literature has focused on gender gaps in participation and wages, but it has overlooked the potential effect of trade integration on gender gaps in informality rates, which is an important dimension of labour markets in developing countries. The aim of this paper is to draw attention to this additional channel. To the best of our knowledge, this is the first paper to investigate the effects of trade integration on formal and informal employment distinguishing between men and women.
Formal Employment Shares in Mexico

Data
The data used in this study come from the Encuesta Nacional de Empleo Urban (ENEU), which is a quarterly labour force survey conducted by the Mexican National Statistic Institute (INEGI). This survey provides highly disaggregated information on industry affiliation at 4-digit level and on location at the municipality level.
4 ENEU is a rotating panel, in which each individual can be surveyed for a maximum of 5 consecutive quarters. Each quarter a new cohort of individuals is selected, and one fifth of existing individuals leave the sample. The survey is representative of cities with over 100.000 inhabitants, and covers only the urban areas. The primary sampling units are municipalities.
5 Over time the sample size of the survey has constantly increased since cities were added every year. To avoid any selection issue, we decided to take the most conservative approach, and keep all 216 municipalities over the period 1993-2001. 6 Our sample is restricted to working individuals between the ages of 16 and 60. Among those individuals, we distinguish three occupational statuses: formal and informal wage workers and self-employment. Informal wage workers are employees who report to be without health insurance or social security coverage although their status should entitle them to access those mandated benefits. Self-employed are those individuals who report that in their main job they are "own-account workers" (trabajador por su cuenta). These individuals are considered self-employed since they own very small businesses: more than 80% of them have no employees. It is important to notice that the ENEU survey does not allow us to clearly distinguish between formal and informal self-employment. Therefore, our preferred measure for formal employment only considers wage workers. This definition is extended in the robustness checks where we use a broader definition of informality which includes both informal wage employment and self-employment. Descriptive statistics on formal and informal employees, and self-employed are provided in Appendix A.
To capture trade liberalisation, we merge the ENEU data with Mexican import tariffs data at the 4-digit industry level. Since Mexican import tariff data follow CMAP classification, as explained in Iacovone and Javorcik (2010) , we use a corre-4 This survey has been used by several authors, including for example Robertson (2004) , Verhoogen (2008) , and Bosch and Manacorda (2010) .
5 In this paper, for notational purposes, we use the terms "municipality" and "region" interchangeably.
6 Alternative approaches suggest to focus on the subset of municipalities always surveyed in the sample period. We checked and our results are not affected by the sample choice which indicates that the composition of municipalities in the ENEU is not correlated to changes in trade policy. spondence table to link tariffs classification (CMAP) to ENEU product classification (CAE).
7 More details on tariffs data are provided in Section 5.1.
Trade liberalisation and Employment Shares
After a long period of import substitution strategy, in the 1980s Mexico started to move toward a liberalized trade regime. In 1994 it joined NAFTA and substantially lowered its tariffs to the U.S. and Canadian markets. Figure 1 shows the evolution of employment and formal employment shares in manufacturing and service sectors, and the drop in the average Mexican import tariff during the 1990s.
7 We thank Beata Javorcik for providing us with the Mexican tariff data. Tariff data was available originally at the 8-digit Harmonized System (HS) classification and was matched to the Mexican CMAP class classification as explained in Iacovone et al. (2015) and Iacovone and Javorcik (2010 The average reduction in Mexican import tariff is around 14 percentage points, from more than 15 in 1993 to less than 1.5 percent in 2003. Panels a and b show that from the second part of the 1990s the employment share in the manufacturing sector has increased at the expense of the employment share in the service sector. The employment reallocation from manufacturing to service sectors coincides with the drop in the Mexican average tariff applied to U.S. products. Panel c confirms similar trends for formal employment shares in manufacturing and service sectors. Figure 2 shows how formal employment has changed differently for male and female employees during the trade liberalisation period. Overall, female employees have a higher formality rate (between 80 and 75% across the period) than male employees (between 70 and 74%). However, the gender gap in formality rate among wage workers has been shrinking. It was almost 10 percentage points in 1993, and became about 4 percentage points in 2001. Panel b in Figure 2 shows that the formality rate has increased in the manufacturing sectors for both men and women. Differently, Panel c shows that in the service sector the formality rate has decreased for women, while it has remained fairly stable for men. The next section provides a decomposition analysis of changes in the female share in formal employees. 
Between and Within-Industry Decomposition
In this section, we decompose the change in the formal employment shares of men and women into within and between industry changes. The decomposition is expressed as follows:
for i = 1, ..., N industries and where F S gt denotes the share of formal employees in total employment of group g = {f, m} where f denotes female and m denotes male. ∆F S gt = F S gt −F S gt−1 is the change in the formal employment share over the period. F S git is the share of formal employees in industry i's employment for group g while E gi is industry i's employment of group g. Equation (1) decomposes the aggregate change in formal labour share (FS) into within-industry changes, and between-industry changes. The first term is the withinindustry component and represents the part of the aggregate change in FS due to changes in the industry specific FS, holding constant the employment shares of industries. The second term is the between-industry component. It reflects how the aggregate FS changes due to changes in the employment shares of industries, holding constant the industry specific FS.
We present two tables with different level of industry disaggregation and different sample of industries. To better capture the effect of liberalisation, the decomposition is done over the entire sample period and then also splitting the sample period in two different sub-samples: 1994-1998 and 1998-2001 . Table 1 presents the decomposition into between and within industry changes at the 1-digit level of disaggregation using the sample of workers in the manufacturing and the service sectors. The first column Table 1 shows that the share formal employees among male employees has increased in the overall economy by 2.4 percentage points but it has decreased among women by 2 percentage points. These changes are driven by within 1-digit industry changes. In the manufacturing sector the FS has substantially increased over the period, especially for men, while the FS in the service sector has fallen until 1996 and more so for women ( Figure 2 ). Changes in employment shares of 1-digit sectors has contributed to a small increase in the overall FS for both gender. Table 2 focuses on the manufacturing sector and shows how the FS can be explained by between and within 4-digit industries changes. Between 1994 and 2001, the FS among women has increased by more than 2 percentage points and by almost 4 percentage points among men in the overall manufacturing industry. At the 4-digit level of disaggregation, the change in the formal employment share is explained by both within and between-industry changes. Within-industry changes contribute positively to the increase in the FS for both men and women. The reallocation of labour into manufacturing industries with a high FS has also contributed to the increase in the aggregate FS except between 1994 and 1998 for women. Both within and between industry changes are important to explain changes in the share of formal jobs in wage employment. Therefore, in the following sections we investigate theoretically and empirically how trade liberalisation contributes to those changes. In line with the above decompositions, we propose a model able to generate changes in female share of formal employment through both within and between industry reallocation.
Theoretical Framework
The setup developed in this section follows Kovak (2013) in using Jones (1975) to model each region within a country as a specific-factor economy.
8 Then, similarly to
Blum (2008), we consider a structure with two labour factors, female and male labour, to analyse labour reallocation across tradable and non-tradable sectors. Finally, to study the effect of trade on the size of the formal segment in the labour market, we use exogenous shares of formal and informal jobs.
The setup
We consider a country composed of several regions, indexed by r, that produce N goods, M of which are internationally tradable and can be either imported or exported. Since the focus is on a particular region, we suppress the subscript r on all terms. Production uses capital, K, and two types of labour, female and male labour, L f and L m . Labour is assumed to be supplied inelastically, fully employed, and perfectly mobile across industries but not across regions. Capital is assumed to be region and sector specific and fixed in the short-run. Technologies may differ across sectors, but are the same across regions within each sector. Production exhibits constant returns to scale, and factors and goods markets are competitive. All regions face the same prices for the tradable goods, which are taken as given on the international market. We introduce jobs heterogeneity by assuming that each sector s, either tradable and non-tradable, is characterised by an exogenous share of formal jobs, α s . More specifically, men and women can be hired as formal or as informal workers within the same sector. Formal employment for each gender g and sector s, is defined as L ϕgs = α s L gs , where ϕ indicates formal and g indicates female or male workers, g = (f, m). The term α s captures sector heterogeneity in formal labour intensity.
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The model is entirely presented in Appendix B, where we explicitly solve for the endogenous variables, such as factor returns, sectoral employment allocations, sectoral output, and prices of non-tradable goods. 10 The following sections highlight different aspects of employment allocations in our model. Section 4.2 describes the effect of trade liberalization on male and female employment and on formality rates at the sectoral level. Sections 4.3 analyses the effect of trade on formality rates across gender at the regional level.
Trade and employment at the sectoral level
Letting hats represent proportional changes, we can derive the determinants of changes in female and male labour demand in each sector s as:
where w g is the wage of g-workers, and p s is the price of the good produced in sector s. Θ h gs is a collection of terms:
where σ g gk,s is the elasticity of substitution between factor g and the specific factor K s in sector s with respect to the relative prices of factors g and K s . Finally, θ ks and θ gs are the cost shares of factors L g and K s respectively.
11
The effects of trade on female and male employment at the sector level.
Equations (2) and (3) show that the demand for labour g in sector s increases with the price of good s and decreases with the wage paid to factor g. As standard in RV set up, the magnitude of the wage change is always smaller than the price change, so that the change in sectoral labour demand follows the sign of the price change. To discuss the effect of an increase in good price on labour demand we use equilibrium wage equations (28) and (29) reported in Appendix B.
Following an increase in the price of good s, factors demands increase in sector s. Labour is mobile across sectors, therefore workers move to sector s until wages are equalized across sectors. Since capital is sector-specific and fixed in the short run, it becomes a scarce resource in sector s. Thus, the rental rate of capital, r s , increases more than the price, p s . Therefore, the wage increases but proportionally less than the price.
The price increase in sector s, raises the amount of both types of labour hired by sector s, but not necessarily in the same proportion. If in sector s, male labour is relatively more substitutable for capital than female labour, and the fraction of male labour is bigger than the fraction of female labour, the price raise leads to larger 11 See equations 23 and 24 in Appendix B for more details. increase in w m than in w f (see equations (28) and (28) in Appendix B). Under these conditions, sector s hires relatively more male labour.
12
Moving from autarky to trade integration corresponds to an increase in the price of the comparative advantage (henceforth CA) goods,p s > 0. Accordingly, trade liberalization leads to a larger increase in male labour compared to female labour in those CA sectors where the male labour demand is relatively more elastic than female labour demand and the fraction of male labour is bigger than the fraction of female labour.
The effect of trade on formal employment at the sector level. The model can capture within-industry changes in formal employment shares only through exogenous shocks to formal sector labour intensity,α s =L ϕgŝ
Lgs
. The change in α s can be considered a "formal-biased technological change". Therefore, trade liberalization can increase the share of formal labour intensity at the sectoral level by reallocating employment to trade-oriented firms, which are more intensive in formal jobs (see Nataraj (2011) and McCaig and Pavcnik (2015) among others). In fact, it is well established that trade integration induces employment reallocation across heterogeneous firms within sectors. Since trade-oriented firms tend to be larger and employ more skilled workers, they should be also more likely to hire formal workers.
This paper does not focus on changes in α s . Rather, we use our model to explore the effects of trade liberalization on regional gender gap in formality rates through labour reallocation between sectors. We discuss in section 4.3 how trade liberalization may differently affect the formality rate of men and women at the regional level.
Trade and employment at the regional level
This section adopts a local labour market approach and investigate how the demand for formal labour evolves with trade liberalization in a regional economy.
The effect of trade on formal employment. The share of formal employment of group g in a particular region is given by:
and its change can be express as:L ϕg −L g . Since labour supply is fixed at the regional 12 The fact that male labour is more substitutable than female can also be stated in terms of labour demand elasticities: in this case the demand for male labour is more elastic than the demand for female labour. The labour demand elasticity for labour factor g is defined as represents the fraction of group g's formal employment employed in industry s. As explained in section 4.2, trade liberalization affects differently the amount of labour used in each sector,L gs . To understand what happens to employment (and wages) at the regional level, we need to consider the endowment of industry specific factors across regions. In our model, if region r is relatively well endowed with the industry s specific factor, then that region should allocate a greater share of its labour to industry s. This implies that the impact of an increase in industry s price (CA sector) is greater in that region with respect to the other regions. In turns there will also be a larger effect on employment in that regionally important industry s. If in this region, those sectors experiencing a price increase (which are also increasing their labour demandL gs ), are characterised by relatively larger shares of formal employment, λ ϕgs , then in this region formal employment will also raise for both labour groups,L ϕg > 0.
13 The formalisation of regional employment is greater if the CA sectors are larger, more intensive in formal labour (i.e. large λ ϕgs ) and if their labour demand is more elastic, so that they absorb larger amount of labour from non-CA sectors.
Prediction 1. At the regional level, formal employment increases if CA sectors in that region are larger, more intensive in formal labour, and have more elastic labour demands than the comparative disadvantage sectors.
The effect of trade on the gender gap in formal employment.
We now use our model to deliver predictions about changes in female and men formal employment shares at the regional level. We use equation (6) to compute the differential change in formal employment :
whereL ms andL f s are functions of prices as expressed in equations (2) and (3). Equation (7) will be used to analyse how a particular region's gender gap in formal employment is affected by changes in good prices. The effect of trade in a partic-ular region is related to its amount of specific factors, combined with other relative characteristics of CA sectors. Let's consider CA sectors in which male labour is relatively more substitutable for capital than female labour, and where the fraction of male labour is bigger than the fraction of female labour. In this case, a price increase implies that the CA sectors experience a stronger increase in male labour demand compared to female labour demand.
14 Additionally, if these CA sectors are more intensive in formal labour than the non-CA sectors, trade liberalization generates more male formal jobs than female formal jobs.
Prediction 2. Within a region, trade liberalization increases by a larger amount the share of male formal employment relative to female if: a) male labour is relatively more substitutable for capital than female labour in CA sectors, and b) CA sectors are larger and more intensive in formal labour than non-CA sectors.
Although all regions face the same changes in international prices, the fact that each region has a different industry mix alters the effect of trade on the gender gap in formal employment. The magnitude of the change in the regional gender gap in formal employment depends on the size of the CA sectors and on the concentration of men and women across sectors. More specifically, in a given region, men experience a larger increase in formal employment if they are concentrated in relatively large CA sectors in that region.
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We now move to the empirical investigation and study the effects of trade liberalization on formal employment across gender in Mexico. We will use Predictions 1 and 2 to interpret our results.
Empirical Strategy
This section describes how we identify the causal effect of trade liberalisation on the probability to work as a formal employee. The benchmark results include two types of workers, formal and informal workers, excluding self-employment. Then, in the robustness checks we consider a broader definition of informal employment, where we account for both informal workers and self-employment. Section 5.1 describes how we measure trade liberalisation at the sectoral and at the regional level, and section 5.2 describes the empirical specification. In sections 6 and 7 we discuss our main results and the robustness checks.
Measures of Trade liberalisation
We compute two different tariff measures to capture trade liberalisation. First, we take the average ad-valorem Mexican import tariff at the 4-digit sector level of the CAE classification. We use these Mexican import tariffs, denoted τ st , to study the effect of trade policy on gender sorting across formal and informal jobs within 4-digit manufacturing industries.
Second, we compute a local measure of exposure to tariffs at the municipality level to study how trade liberalisation affects differently each local labour market including the non-tradable sector. A municipality exposure to tariff is computed as the employment weighted average tariffs of manufacturing industries active in that municipality. The weight is given by the number of employees working in each sector of that municipality. To avoid endogeneity issues, we use employment structures at the beginning of the period in 1993 as weights.
16 Following Topalova (2010) our approach does not account for employment in the non-tradable sectors from the weighted average. 17 The municipality tariff is thus:
where r indicates the municipality, s the industry within the subset of manufacturing industries, s = 1, ..., M , and t is time. This tariff measure varies across municipalities and time because of regional differences in the sectoral composition and tariff changes across sectors and time.
Regression Analysis
Industry-specific tariffs and within-industry formalisation We start by assessing the importance of increased trade openness on male and female employment in formal and informal jobs within sectors. The following linear 16 We have also computed the municipality average tariff using alternative weights. Firstly, we have used as weights the employment structures in 1992. Secondly, we have constructed a local exposure to tariffs using employment in the first sample year of each municipality as weights. The latter approach enables us to include municipalities that entered the ENEU survey after 1993 and uses different years as weights depending on when the municipality started to be surveyed. All the results confirmed our benchmark results and are available upon request.
17 Alternatively, one could assign a zero tariff to the non-tradable industries. But in this case the local tariff measure is sensitive to the amount of people hired in non-traded sectors.
probability model is estimated on the sample of workers in manufacturing industries:
where F isrt is an indicator that takes the value one if individual i is employed as a formal worker in industry s and region r at time t, and zero if the individual works as an informal employee. x isrt is a vector of specific individual characteristics which includes a female dummy, age, age square and the number of years of education. τ
M ex st
is the Mexican import tariff at the CAE 4-digit industry level, and τ
× f emale is the interaction term between the import tariff and the female indicator. µ s , u r , and v t are a full set of 4-digit sector, municipality, and year fixed-effects. To allow for different effects of trade liberalisation on high versus low-skilled workers, we also interact the tariff variable with an indicator variable equals to one if the individual has more than 9 years of education.
The coefficient β 2 captures the differential effect of trade liberalisation on female probability to hold a formal job relatively to men. The sum between the coefficients β 1 and β 2 gives the average marginal effect of a change in the Mexican import tariff on the female probability to be a formal employee within a tradable sector. To limit the risk of omitted variable bias, we also include gender-specific sector fixed effect. This should control for industry specific differences in male and female formality rates and any other time-invariant industry characteristics that affect the probability to get a formal job for men and for women and may be correlated with tariff reduction. Moreover, endogeneity due to reverse causality should not be an issue for two reasons. Firstly, we use tariffs and not trade volumes; this latter are more strictly interconnected to labour markets. Secondly, we use individual level data, therefore we are confident that changes at the individual level are unlikely to exert any impact on industry level aggregates.
Region specific tariffs and formalisation in local labour markets To estimate the effect of regional exposure to trade liberalisation on the formalisation of jobs, we use regional weighted tariffs which vary across municipalities and years. The probability of individual i living in municipality r to be working in a formal job is then given by:
where F irt is an indicator that takes the value one if individual i is employed as a formal worker in region r at time t, and zero if the individual works as an informal employee. x irt is a vector of specific individual characteristics which includes a female dummy, age, age square and education. τ
M ex rt
is the regional Mexican import tariff, and τ
× f emale is the interaction term between the regional import tariff and the female dummy. u r and v t are municipality and year fixed effects respectively. β 2 captures the differential effect of regional trade liberalisation on female probability to hold a formal job. Since we want to identify the average local effect within a municipality, and not the average change within an industry, we do not control for industry fixed-effect.
We allow for different effects of trade liberalisation on high versus low-skilled workers by interacting the regional tariff variable with an indicator variable equals to one if the individual has more than 9 years of education. Additionally, to disentangle the effects of local exposure to trade liberalisation across the tradable and non-tradable sectors, we interact the regional tariff variable with a 1-digit service sector dummy. We also control for the effect of trade on high and low skilled workers within the 1-digit service and manufacturing sectors. 18 We thus estimated equation (10) on employees working in manufacturing and service industries.
6 Empirical Results
Trade liberalisation within tradable industries
We begin by examining the effect of sector specific tariffs on the probability to hold a formal job within 4-digit tradable sectors. Our estimates of equation (9) are reported in Table 3 . We can see that the education level and potential experience as proxied by age increase the probability to hold a formal job. The negative coefficients associated with sectoral tariffs τ st indicates that trade liberalisation leads to a formalisation of jobs within 4-digit manufacturing industries. The magnitude of the coefficient in column (1) indicates that individuals working in an industry that experienced the average reduction in tariffs, 14 percentage points, saw the probability of holding a formal job increase by 2 percentage points relative to individuals in industry facing no reduction in tariffs. To evaluate whether the effect of trade liberalisation differs across gender, we interact the tariff with the female dummy. As reported in column (2), the interaction is insignificant which suggests that the change in the probability to hold a formal job with trade integration is identical across gender.
In columns (3) and (4) we consider the role of education and interact the tariff measure with the worker's level of education. Column (3) shows that within sectors Notes: The regressions are LPM estimations of equation (9) for the period 1993-2001. Only manufacturing sectors. The dependent variable equals 1 if the individual is in formal wage employment and 0 if in informal wage employment. Individuals with a high level of education have more than 9 years of education (he). Heteroskedasticity-robust standard errors clustered at sector-year level are reported in parentheses. * * * , * * , and * indicate significance at the 1, 5 and 10 percent levels respectively.
trade liberalisation does not affect differently high and low skilled workers. Column (4) confirms a similar result by gender. Column (5) controls for gender-specific sector fixed effect, and the results do not change. Overall, both men and women, regardless of their level of education, have higher chances to be formal employees if they work in an industry whose tariff declines. The finding that workers benefit from trade liberalisation in terms of formal jobs is in line with a "formal-biased technological change" discussed in Section 4.2.
Trade liberalisation and local labour market
In what follows we adopt a local labour market approach and estimate the effect of changes in the regional tariff on formal employment, as in equation (10). Since we do not control for disaggregated industry fixed-effects, we explore in this specification how formal wage employment changes within a region allowing for between-sector labour movements. The construction of the regional tariff measure, which varies across time and municipality, is discussed in Section 5.1. The estimates of equation (10) are reported in Table (4) . Columns (1) shows no significant effect of changes in local exposure to tariffs on the average probability to work formally. Column (2) allows for heterogeneous effects between men and women, and shows that women's probability to work formally is significantly affected by changes in regional tariff barriers. Women living in a region experiencing the average reduction in tariff, 14 percentage points, saw the probability of holding an formal job decrease by almost 6 percentage points relative to women in regions facing no reduction in tariffs. Columns (3) and (4) control for the individual level of education and its interaction with the tariff measure. Column (3) shows that in a local labour market trade liberalisation affects differently high and low skilled workers. Column (4) finds that trade liberalisation generates a formalisation of highskilled jobs for both men and female. However, for women the negative coefficients on τ rt × he and τ rt × he × f emale do not compensate the positive coefficient on τ rt ×f emale. Even high-skilled women saw their probability to work formally decrease by 3 percentage points with the increase in the exposure to trade liberalisation.
As Figure (2) indicates, over the 1990s the formality rate has evolved differently in the manufacturing and in the service sectors. Thus, we exploit the regional variation in tariffs to analyse whether regional tariff reductions affect differently workers in the manufacturing and in the service sectors. The results are shown in column (5). Focusing first on the manufacturing sector, the coefficient associated with regional tariffs is negative and statistically significant, and its interaction with female is positive, significant but smaller in magnitude. Conditional on working in the manufacturing sector, the probability to work formally increased in regions experiencing a reduction in their average tariff. This formalisation of employment is greater for male workers whose probability to be formally employed increased by 8 percentage points with a fall in local tariffs of 14 percentage points. While the female probability increased by less than 6 percentage points. Additionally, the magnitudes of the point estimates of the regional tariff are bigger than the ones of the 4-digit tariff lines in Table 3 . The formalisation effect of trade in the overall manufacturing sector is greater than the average formalisation effect within 4-digit sectors. This suggests that regional liberalisation generated labour reallocation across 4-digit manufacturing industries, which contributed to a formalisation of employment in manufacturing industries, especially for men.
The service sector is affected differently by a change in regional exposure to tariffs compared to the manufacturing sector. In column (5) the coefficients associated with τ rt × serv, and τ rt × serv × f emale are both positive and significant. For men, it compensates the negative coefficient associated with τ rt , so that men's formal job probability in the service sector is not significantly affected by regional trade liberalisation.
19 Differently, women employed in the service sectors experienced a reduction in the probability to work formally by less than 6 percentage points. Column (6) allows the effect of regional tariffs to differ across gender, sectors and levels of education. In the manufacturing sector, high-skilled men have higher chances to find a formal job by about 10 percentage points with a fall in the municipality tariff of 14 percentage points.While for high-skilled women, this formalisation effect is smaller, and their probability to hold a formal job increases only by 8 percentage points.
20 In the service sector, the probability to hold a formal job has decreased with trade liberalisation and the effect is especially strong for low-skilled women. More specifically, the female probability to work formally falls by 14 percentage points for women with a low level of education, and by 9 percentage points for women with a high level of education.
To summarize, we find that higher education increases the chances to benefit from trade liberalisation in the tradable sectors for both men and women. In the non-tradable sector, even though the exposure to trade liberalisation increases the probability to work informally, women with a high educational attainment have a lower probability of working informally following a fall in regional tariffs compared to women with a low educational attainment.
Overall our results suggest that women and men have been differently affected by trade liberalisation. On one hand, in the manufacturing sectors formalisation of jobs has benefited all workers but with different magnitudes. On the other hand, in the service sectors the fall in regional tariffs has decreased the chances to hold a formal job for women, especially for those with a low level of education. The reallocation of employment across sectors has led to a stronger increase in formal employment for men in the overall tradable sector. Using our theoretical framework, this corresponds to a situation in which CA sectors, which expand through trade, are intensive in formal labour relatively to non-CA and non-tradable sectors. The finding that men have benefited more from liberalization can be explained using the mechanisms highlighted in our model. The CA sectors are characterized by relatively more male formal labour than female, and in these sectors male labour is relatively more substitutable for capital than female labour (see Prediction 2). Notes: The regressions are LPM estimations of equation (10) for the period 1993-2001. The local tariff is calculated as in equation (8) with the municipality and sectoral employment of 1993 as weights. The sample is composed of workers in both the tradable and non-tradable sectors. The dependent variable equals 1 if the individual is in formal wage employment and 0 if in informal wage employment. Additional controls include age and age 2 . Columns (3), (4) and (6) also include a high level of education dummy (he) for individuals with more than 9 years of education. Columns (4) and (6) include the interaction between he and the female dummy. Columns (5) and (6) include a dummy for the service sectors and all necessary interactions with the female and the high education dummy. Heteroskedasticityrobust standard errors clustered by municipality-year pairs are reported in parentheses. * * * , * * , and * indicate significance at the 1, 5 and 10 percent levels respectively.
Robustness Checks
In this section we conduct different robustness checks to deal with potential concerns. First, we control for gender-specific five-year age cohorts to better account for changes in the composition of the male and female labour force. Second, to tackle the potential endogeneity issue related to changes in tariff and industry characteristics we use lagged Mexican import tariff. Finally, we account for a broader definition of informality which also includes self-employment. All the robustness checks confirm our benchmark results.
Five-year cohort fixed-effects
We create a 5-year cohort variable for men and for women to control for cohorts unobserved characteristics. In this way, we can avoid any bias due to the labour market entry of new cohorts in the 1990s that may have had certain preferences in terms of formal status. Table 5 presents estimates of equation (9) controlling for cohorts unobserved characteristics, and confirms our benchmark findings discussed in Section 6.1. In particular, Table 5 shows that a fall in tariff contributes to the formalisation of jobs within 4-digit industries for all individuals. This effect does not vary depending on gender or on the education level. Table 6 presents the estimated results for equation (10) adding cohort fixed-effects. Results confirm our benchmark regional estimation discussed in Section 6.2. Notes: The regressions are LPM estimations of equation (9) for the period 1993-2001. The dependent variable equals 1 if the individual is in formal wage employment and 0 if in informal wage employment. Main controls are the same as in Table ( 3). Columns (1) to (4) provide estimates of the effect of 4-digit sector tariff lines on the probability to hold a formal job within manufacturing sectors. We control for age and age 2 , years of education and a female dummy in all columns. Columns (3) and (4) also include a high level of education dummy (he) for individuals with more than 9 years of education, and its interaction with the female dummy in columns (4). Standard errors are clustered at the sector-year level. * * * , * * , and * indicate significance at the 1, 5 and 10 percent levels respectively. Notes: The regressions are LPM estimations of equation (10) Table (4) . Columns (1) to (4) provide estimates of the effect of municipality tariff allowing for between-sector reallocation. Columns (3) and (4) also include a high level of education dummy (he) for individuals with more than 9 years of education, and its interaction with the female dummy in columns (4). Standard errors are clustered at the municipality-year level. * * * , * * , and * indicate significance at the 1, 5 and 10 percent levels respectively. Tariff   Tables 7 and 8 replicates the empirical analysis using lagged tariffs and lagged regional average tariffs. These results confirm our benchmark findings in Tables 3 and 4 . Tables 7 shows that the formalisation effect of trade liberalization within industry is robust and even stronger in magnitude when we use lagged tariffs. Similarly, Table 8 shows that the formalisation effect of liberalisation is always significant at the regional level and stronger, specifically in the manufacturing sector. However the differential effect across levels of education, although of the same sign, it is not estimated precisely in the manufacturing sector (columns (4) and (6)). Notes: The regressions are LPM estimations of equation (9) for the period 1993-2001. The dependent variable equals 1 if the individual is in formal wage employment and 0 if in informal wage employment. Main controls are the same as in Table ( 3). Columns (1) to (4) provides estimates of the average effect of 4-digit sector tariff lines on the probability to hold a formal job within 4-digit manufacturing sectors. Columns (3) and (4) also include a high level of education dummy (he) for individuals with more than 9 years of education, and its interaction with the female dummy in columns (4). Standard errors are clustered at the sector-year level. * * * , * * , and * indicate significance at the 1, 5 and 10 percent levels respectively. (10) Table (4) . Columns (1) to (4) provide estimates of the effect of municipality tariff on the average probability to hold a formal job in the regional economy Columns (3) and (4) also include a high level of education dummy (he) for individuals with more than 9 years of education, and its interaction with the female dummy in columns (4). Standard errors are clustered at the municipality-year level. * * * , * * , and * indicate significance at the 1, 5 and 10 percent levels respectively.
Lagged
Self Employment
Informality can be defined in different ways. So far we have adopted the approach that focuses on wage employment and distinguishes formal from informal employees using the fact that the labour contract is or not registered by their employer. Under this definition, informal workers are unprotected salaried workers who do not benefit from labour rights and social coverage through the employment contract. An alternative definition of informality also includes self-employed workers who own unregistered firms (see Henley et al. (2009)) . In this section, we use the broader definition of informality and also include self-employed individuals in the informal employment category. Specifically, we consider self-employed those individuals who report that in their main job they are "own-account workers" (trabajador por su cuenta). Notice that the ENEU survey reports very small businesses, in fact more than 80 percent of self-employed have no employees. Tables 9 and 10 report the results for industry and regional approaches respectively. Table 9 shows that the formalisation of employment within 4-digit industries remains significant when we include self-employment in the informality category. Columns (2) to (4) shows that now the effect is stronger for women, especially lowskilled women. This can be explained by the lower propensity of women to enter self-employment compared to men. Table 10 confirms our benchmark results for the effect of trade liberalisation on the regional labour market. A fall in local tariffs decreases the probability of being a formal employee for women but increases it for highly educated men. Columns (5) and (6) distinguish between the impact of local tariffs in tradable and in nontradable sectors. The results are similar to the benchmark results shown in Table  4 and stronger in magnitude especially for men. This is consistent with the fact that this type of employment is particularly relevant for men. Indeed, Figure 5 in Appendix A shows that the self-employment share is greater in the male population. Notes: The regressions are LPM estimations of equation (9) for the period 1993-2001. The dependent variable equals 1 if the individual is in formal wage employment and 0 if in informal wage employment or in self-employment. Main controls are the same as in Table ( 3). Columns (1) to (4) provides estimates of the effect of changes in 4-digit sector tariff lines on the probability to hold a formal job within 4-digit manufacturing sectors. Columns (3) and (4) also include a high level of education dummy (he) for individuals with more than 9 years of education, and its interaction with the female dummy in columns (4). Standard errors are clustered at the sector-year level. * * * , * * , and * indicate significance at the 1, 5 and 10 percent levels respectively. Table ( 4). Columns (3) and (4) also include a high level of education dummy (he) for individuals with more than 9 years of education, and its interaction with the female dummy in columns (4). Standard errors are clustered at the municipality-year level. * * * , * * , and * indicate significance at the 1, 5 and 10 percent levels respectively.
Conclusions
In this paper we analyse the link between trade liberalisation and formal employment allowing for gender differences both at the industry level and at the municipality level. We estimate how changes in trade policy affects men's and women's probability to hold a formal job using Mexican individual data and tariff information at the 4-digit industry category. We find that a fall in the Mexican tariff generates a formalisation of employment within 4-digit manufacturing sectors for both men and women. Constructing a weighted average of tariffs at the municipality level, we show that the local effects of changes in trade policy vary across gender and sectors. We find that, in the manufacturing sector, both women and men benefit from trade liberalisation but men benefit the most. While in the service sector, women experience an increase in informality.
In this paper we propose a general equilibrium model where trade liberalisation affects the formal labour share of employment across gender. Following our theoretical predictions, we interpret the within-industry empirical findings as evidence of a "formal-biased technological change" within disaggregated tradable sectors. Our results at the local level, explain the reallocation of employment into comparative advantage sectors relatively more intensive in formal jobs, and where male labour is relatively more substitutable for capital than female labour.
The increase in informality in the service sector for women following trade integration can be detrimental to gender equality in the labour market and poverty reduction measures. Nevertheless, this work also shows that trade liberalisation contributes to the formalisation of jobs in tradable sectors and may help improving highskill women's position in those sectors. This paper creates a link between formality and liberalisation and investigates how local exposure to changes in trade openness affects gender sorting in formal and informal employment across both tradable and non-tradable sectors. Its main contribution is to extend previous studies on globalisation and gender by looking at the effect of trade liberalisation on gender differences in access to formal jobs. The paper remains silent about the potential impacts of trade liberalisation on male and female wages in formal and informal jobs. Exploring this channel can further improve our understanding of gender inequality in the labour market and additional research is needed in this direction. Figure 3 shows the evolution of the educational level in the working population. Compared to women, the male working population displayed in the early 1990s higher shares of workers at the bottom and at the top of the education distribution, indicating that selection into the labour force followed very different patterns for men and women. However, those differences have shrunk in the 1990s and the female and male working population become more similar in terms of educational attainment. Moreover, the level of education has increased for the overall working population. The share of people with less than 7 years of education has been falling steadily during the 1990s and represents around 30% of both the female and the male labour force in 2000. This fall has been slightly more important for women. In the meantime, the share of workers with high levels of education, above 9 years, has strongly increased. In figure 4 , we can see that the increase in the average level of education has been pervasive for all types of occupations. Figure 5 plots the female and male formal, informal and self-employment shares in the working population. The share of wage workers is higher in the female working population, especially among formal wage workers. Formal wage employment represents between 56 and 58 percent of the female working population, and only 49 to 54 percent of the male working population. The gender employment gap in formal wage employment was bigger at the start of the period, i.e. 10 percentage points in 1989. It was reduced to 5 percentage points in 2000. Women are also more often in informal wage employment, however we dot not observe here a convergence in the male and female informality share.The gender gap in informal wage employment has increased from 3 percentage points in 1989 to 6 percentage points in 2001. This is due to a much more rapid increase in informal employment for women in the first part of the 1990s, while the fall in informality in the second part of the 1990s has benefited both gender groups. Men are more often self-employed than women. Self-employment accounts for 26 to 30% of the male working population, while it represents between 16% and 20% of the female working population. Notes: Calculation based on the ENEU data for 1992 Table 13 illustrates the sectorial composition of men and women in 1992. Table 14 shows statistics for the local tariff measure computed with 4-digit tariffs and employment weights using municipality×4-digit sector employment in the first sample year. The average and median change in local tariff is 14% but there is substantial variation across municipalities in the exposure to trade policy changes. Their initial industry composition has exposed some municipalities to changes in average tariff as small as 2% while other municipalities have experienced a fall in their local tariff of 22%. -0.14 -0.02 -0.14 -0.22
Notes: The tariff at the 4-digit levels come from Iacovone et al. (2015) .
Employment weights are constructed using the ENEU survey.
B The model
This section develops the general equilibrium model from which we obtain equations (2) and (3) in section 4. We follow closely Blum (2008) and Kovak (2013) , but we deviate from the latter by having two types of labour, male and female labour, and from both papers by having two types of jobs within sectors, formal and informal jobs.
We consider a country composed of several regions r and suppress that subscript on all terms. A region is composed of several industries indexed s={1,...N}. Production uses capital, K, female labour L f and male labour L m . Labour is assumed to be perfectly mobile across industries but not across regions, supplied inelastically, and fully employed. Capital is assumed to be region and sector specific in the shortrun. We also assume that production technologies exhibit constant returns to scale, and that factors and goods markets are competitive. Technologies may differ across sectors but are the same across regions for each sector.
The set of exogenous variables is composed by: prices of tradable goods, factor supplies, sectoral capital allocation, preferences, and technologies. The endogenous variables to be determined are: factor returns, prices of non-tradable goods, sectoral employment allocations, and sectoral output. In what follows, we only consider a particular region and suppress the subscript r on all terms. The equilibrium is characterized by the following set of equations: a ks y s = K s ∀s, s = 1, 2, ..., N 
where a gs is the unit input coefficient for labour factor g, with g = (f, m) indicating female or male labour, in sector s. w f and w m are female and male wage respectively, r s is the specific factor return in each sector, y s and p s are respectively the output and output price in industry s. Equations (11) and (12) represent full employment conditions for the specific factor in sector s, K s , and for mobile factors, L g . Equation (13) represents the zero profit condition. Equation (14) is the aggregate demand for non-tradable goods, with c s the Cobb-Douglas demand of the non-tradable good in sector s. Tradable and non-tradable goods are indexed s = 1, ..., M and s = M + 1, ..., N respectively. The exogenous share of formal jobs in sector s is α s . Therefore, gender-g's formal employment in sector s is defined as:
Differentiating the above equilibrium conditions and using Jones' algebra, we ob- 
where hats represents proportional change, θ gs = agswg ps is the cost share of factor L g in sector s. Using equation (18) inside equation (17), gives the labour demand in industry s:L
